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Because of the lack of time, data and resources and the need for urgent actions, ecologists often
transfer models developed for one study system to a different context. Such transfers imply multiple
challenges, which are identified by Yates and colleagues [1]. Although being insightful and elaborate,
their review is almost exclusively focusing on correlative species distribution models (SDMs) whereas
in their title they refer to “ecological models”, which would also include mechanistic models.

Some of the issues of transferring correlative and mechanistic models overlap, as pointed out by Yates
and colleagues [1] in their Box 3, but some are also unique to mechanistic models and have been
identified only over the last 10 years or so. As Yates et al. are writing, traditionally also many
mechanistic models were entirely based on empirical, i.e. correlative relationships, but modellers are
increasingly replacing imposed, empirical relationships with models in which behaviours emerge from
the adaptive decision making of individual organisms, or similar first principles. Thus, one main
challenge for the transferability of mechanistic models is estimating the degree to which processes can
be imposed vs. should be modelled as emerging property from underlying, first principles.

Mechanistic ecological models have been transferred on multiple occasions [4, 5] but so far the
success is mixed [6, 7]. A main limitation is the legacy of “demographic thinking”, which fails to
make the distinction between imposed and emergent mechanisms. Demographic rates, for example
mortality, are often used as parameters in population dynamics model and parameterized via, e.g.,
mark-recapture studies. In this way mortality is imposed, so that the model reflects the conditions
under which the underlying data were collected (Fig. 1). Simply extrapolating the model to new
conditions can be highly misleading, as has been shown with model addressing winter mortality of
shorebirds [8]. SDMs are facing the same challenge, as pointed out by Yates et al [1].

To allow transfer to new conditions, any aggregated parameters, like demographic rates or parameters
describing species presence-environment relationships, must emerge from what the building blocks of
ecological systems, the organisms, are doing (Fig. 1). In other words, the behaviour of the organisms
should emerge from first principles such as energy budgets, stoichiometry, photosynthesis, resource
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uptake, or more generally fitness seeking [9]. A further requirement is to generically capture the
interactions among individuals, in particular competition, facilitation, and trophic relationships.
Examples of this “next-generation” type of ecological models [9] that allow transfer to new conditions
include models of tropical forest growth and dynamics based on photosynthesis and allometric
relationships [10], and models of invertebrate population dynamics based on Dynamic Energy Budget
theory [11].

Consequently, these challenges were not identified for correlative SDMs [1], as relations in such
models are exclusively imposed. Further, some of the challenges identified by Yates et al. [1] for
correlative SDMs are irrelevant for mechanistic models. For example, the issue of what response
variables make a model transferable [1] does not apply to mechanistic models, because what is a
response variable in a correlative SDM (abundance or presence-absence) usually emerges from lower-
level processes in mechanistic models. Also, the issue of incorporating species interactions in model
transfers, identified by Yates et al. [1], is rather naturally dealt with in the context of mechanistic
models using the individual as the lowest entity.

We concur with Yates and colleagues [1] that solving the issues of model transferability requires
establishing standards for assessing transferability and investigating the determinants of ecological
predictability. We submit that an indispensable way to address some of the transferability issues is by
using next-generation mechanistic ecological models that are ideally based on first principles. Such
models are more generally applicable, i.e. across systems and closely related species, and thus more
transferable. Moreover, mechanistic models may alleviate some of the transferability issues of the
static models by generating range dynamics as a property emerging from the underlying population-
level processes (as in Dynamic Range Models sensu [12]). Ecology needs both, correlative and
mechanistic models, and none of them is more important than the other, or should be ignored.

References

1. Yates KL, Bouchet PJ, Caley MJ, Mengersen K, Randin CF, Parnell S, Fielding AH, Bamford
AJ, Ban S, et al 2018 Outstanding Challenges in the Transferability of Ecological Models.
Trends Ecol Evol. doi: 10.1016/j.tree.2018.08.001

2. Johst K, Drechsler M, van Teeffelen AJA, Hartig F, Vos CC, Wissel S, Wétzold F, Opdam P
2011 Biodiversity conservation in dynamic landscapes: Trade-offs between number,
connectivity and turnover of habitat patches. J Appl Ecol 48:1227-1235

3. Kramer-Schadt S, Revilla E, Wiegand T 2005 Lynx reintroductions in fragmented landscapes
of Germany: Projects with a future or misunderstood wildlife conservation? Biol Conserv
125:169-182

4, Finkelstein ME, Wolf S, Goldman M, Doak DF, Sievert PR, Balogh G, Hasegawa H 2010 The
anatomy of a (potential) disaster: Volcanoes, behavior, and population viability of the short-
tailed albatross (Phoebastria albatrus). Biol Conserv 143:321-331

5. Schtickzelle N, WallisDeVries MF, Baguette M 2005 Using surrogate data in population
viability analysis: the case of the critically endangered cranberry fritillary butterfly. Oikos
109:89-100

6. Hernandez-Camacho C, Bakker VJ, Aurioles-Gamboa D, Laake J, Gerber LR 2015 The use of

2



91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112

10.

11.

12.

surrogate data in demographic population viability analysis: A case study of California sea
lions. PL0S One. doi: e0139158. doi:10.1371/ journal.pone.0139158

Kleiven EF, Henden JA, Ims RA, Yoccoz NG 2018 Seasonal difference in temporal
transferability of an ecological model: near-term predictions of lemming outbreak abundances.
Sci Rep. doi: DOI:10.1038/s41598-018-33443-6

Stillman RA, Goss-Custard JD 2010 Individual-based ecology of coastal birds. Biol Rev. doi:
10.1111/j.1469-185X.2009.00106.x

Grimm V, Berger U 2016 Structural realism, emergence, and predictions in next-generation
ecological modelling: Synthesis from a special issue. Ecol Modell. doi:
10.1016/j.ecolmodel.2016.01.001

Fischer R, Bohn F, Dantas de Paula M, Dislich C, Groeneveld J, Gutierrez AG, Kazmierczak
M, Knapp N, Lehmann S, et al 2016 Lessons learned from applying a forest gap model to
understand ecosystem and carbon dynamics of complex tropical forests. Ecol Modell 326:124—
133

Martin BT, Jager T, Nisbet RM, Preuss TG, Grimm V 2013 Predicting Population Dynamics
from the Properties of Individuals: A Cross-Level Test of Dynamic Energy Budget Theory.
Am Nat. doi: 10.1086/669904

Schurr FM, Pagel J, Cabral JS, Groeneveld J, Bykova O, O’Hara RB, Hartig F, Kissling WD,
Linder HP, et al 2012 How to understand species’ niches and range dynamics: A demographic
research agenda for biogeography. J Biogeogr 39:2146-2162



! :
—_ 1 ]
g ! i
2 1 300
g 3 <)
S ! <200 S|
el ! ° ol 1
£ ! 5100 El 1
g| | S Bl
2 ' 0+ £
> ] S|
1 .5 =
g 1 Time .
(%] 1
é_v ! l Statistical analyses | | |

Population growth rate

>

5
2
g
T
o Population dynamics
IS
&
2]
7y
= Mechanism at individual level
()
o
5 N
< Feeding
w & |
LN
v
Reserve

Somatic
maintenance

Maturity
maintenance

Environment
(e.g. temperature)

Maturation and
reproduction

S "

|

Mechanistic model

300 X
()
2 200
©
©
5 100
Q
<
OIIIIIIIIIIIIIIII
1 35 7 9 111315
Time
New
environment
300
8
£ 200
©
c
2100
<
OIIIIIIIIIIIIIIII

1 35 7 9111315
Time

Fig 1. The system behaviour, i.e. here population dynamics, may be imposed by using demographic
parameters obtained from statistical analyses of empirical data, e.g. with capture-recapture and

survival analyses. This is often done, for example, in population projection matrix models. On the
other hand, the system behaviour in dynamic ecological models emerges from lower-level

mechanisms at the individual level. The imposed and emergent system behaviours are indicated by a
downward and an upward arrow, respectively, shown at the left of the scheme. The models with

imposed system behaviour fail to capture the underlying mechanisms and therefore often fail when
transferred to new conditions, as shown with the projections of population abundance on the right

(incorrectly projected population dynamics in red). On the contrary, the transfers using dynamic
mechanistic models are expected to be successful (population dynamics in green).




